ABSTRACT Effects of aging on oviposition pattern and egg production traits were studied based on records made between age at first egg and 130 wk of age in 479 hens from three selection lines. During the 1st laying yr (age at first egg to 71 wk of age), all three lines produced equal amounts of egg mass. A significant (P < .05) difference in total egg mass production (age at first egg to 130 wk of age) was found between a White Leghorn line selected for egg mass and a Rhode Island Red line selected for egg mass and feed consumption. The mean intrasequence oviposition interval increased significantly (P £ .001) with age. The early mean intrasequence oviposition interval was not considered to be a good predictor of egg production traits later in life. Three explanations for decreased production with increasing age were found: 1) Oviposition intervals within sequences increased, resulting in shorter sequences and more frequent pause days; 2) the frequency of missing eggs within sequences increased; and 3) more than 1 pause day occurred between sequences.
INTRODUCTION
The number of hens that approach their maximum potential of one egg every 24 h at peak production has increased during the course of selection (Foster, 1981; Yoo et al, 1986) . In the future, interest will shift towards new traits and better methods of predicting whole-period egg production. Oviposition pattern (Yoo et al, 1988; Naito et al, 1989) and laying persistence (Arthur, 1986) will assume more important roles.
Each hen has a characteristic oviposition pattern (Lillpers and Wilhelmson, 1993) . Poor layers have many short sequences and frequent pause days, whereas the best hens have the capacity to lay one egg at roughly the same time every day. Both genetic and environmental variation are substantial for oviposition pattern traits, and their heritability estimates are often higher than those for traditional egg production traits (McClung et al, 1976; Sheldon et al, 1984; Yoo et al, 1988; Naito et al, 1989; Lillpers, 1991; Lillpers and Wilhelmson, 1993) .
Genetic correlations between mean intrasequence oviposition interval (oviposition interval) and part record egg number were estimated to be -.45 (McClung et al, 1976) and -.61 (Yoo et al, 1988) . Phenotypic correlations had the same sign but lower values. Correlations between oviposition interval and egg number recorded later in life differed between the two studies. Naito et al. (1989) estimated high negative genetic and phenotypic correlations between oviposition interval and rate of lay at two different ages.
In older hens, egg production decreases due to physiological changes. Follicular growth is slower in old hens (Wilson and Cunningham, 1984; Palmer and Bahr, 1992) . A lower rate of follicular maturation and increased frequencies of follicular atresia, internal ovulation, and defective eggs all contribute to low production in older hens (Williams and Sharp, 1978) . Broersky (1984) found that increases in pathological disturbances and egg formation time led to a decrease in production with increasing age. Furthermore, internal ovulation increased from around 2% during the 1st mo of lay to 7% in the 10th mo of lay. Sykes (1986) suggested that it is the level of production during the 1st laying yr, not age per se, that causes decreases during the 2nd yr. Heywang (1938) argued that the length of the oviposition interval did not change with age in the individual hen. However, only sequences with the same number of eggs were compared.
There are indications that both environmental variation and additive genetic variation in egg production traits increase with age in hens Engstrom et al, 1992) . These reports were based on data from the 1st production yr, and postmolt performance was not studied. The main purpose of this work was to characterize the influence of aging on the oviposition pattern and to determine how well an early measure of oviposition interval could predict egg production at a later age.
MATERIALS AND METHODS
Hens from three experimental lines, named according to their selection criteria, were used in this investigation. Two White Leghorn lines, one selected for egg number (EN) (159 hens housed, 14 sires, 78 dams) and the other selected for egg mass (EM) (159 hens housed, 16 sires, 80 dams), were replicates of Generation 8 of a selection and crossbreeding experiment (Liljedahl et al, 1979; Liljedahl and Weyde, 1980; Weyde and Liljedahl, 1984) . A Rhode Island Red line, selected for both egg mass and feed consumption (EMFC) (161 hens housed, 17 sires, 84 dams), was of commercial origin and a replicate of a line that had been selected for its present traits for two generations. All three lines were selected based on records made between 20 and 42 wk of age.
The pullets were reared in cages in an 8 h light (L):16 h dark (D) environment until 18 wk of age. They were then housed in individual cages in a three-tier system. At 20 wk of age, the length of the light period was increased to 12 h. From 22 wk of age a 16L:8D light program was applied, except for two periods of 48 days each, when a 16L:7.5D program was used (results from the ahemeral environment are not reported here). Mash feed and water were available for ad libitum consumption. The feed was a suboptimum, low-protein, experimental feed mat had been used as a part of the selection environment for these lines (Liljedahl and Weyde, 1980) . Oviposition times were automatically recorded to the nearest minute each time an egg rolled out of the cage. Eggs were collected and weighed daily. Recording started at first egg and continued for 2 laying yr, separated by forced molting, until the hens were 130 wk old. Two percent of the eggs lacked ovipositiontime records. To compare the lines and their age-related changes in oviposition pattern traits, the production period was divided into 17 parts (Table 1 ). The start, molt, and ahemeral periods were not included in the present comparisons. For a hen to be included in the data set, oviposition data from each of the periods were required. Consequently, only 63 EN, The oviposition pattern traits calculated were mean intrasequence oviposition interval (oviposition interval), mean oviposition time, and concentration around the mean oviposition time (0 < concentration < 1) (Batschelet, 1965) . To obtain reliable estimates of sequence length, pause length, and mean oviposition interval between all eggs, records collected over a 48-day interval were not sufficient. Analysis was therefore done on records from 144 days/yr (Periods 3 to 5 and Periods 14 to 16). Numbers of animals producing during all of these six periods and available for analysis were 110, 131, and 124 from the EN, EM, and EMFC lines, respectively. The start, molt, and ahemeral periods were included when measuring egg number, egg weight, and egg mass. Statistical analyses were performed using SAS® software (SAS Institute, 1985) . Line differences were calculated by use of ordinary least squares, ignoring random effects. However, approximate F tests were made by considering the influence of random effects (defined below) on the variation within and between lines, as described by Sorensen and Kennedy (1983) . Tests for age-related changes in oviposition interval, mean oviposition time, and concentration around mean oviposition time were performed within selection line by using an ordinary leastsquares model that included effects of hens and a regression on age. Age-related differences in sequence length, pause length, and mean oviposition interval between all eggs were tested by fitting a fixed interaction model including the effects of hen, age stage (i = 1, 2), and their interaction.
Variance components were calculated using restricted maximum likelihood, based on a mixed model that contained sires and dams nested within sires as random effects, and general mean and line as fixed effects. Estimates of genetic correlations were calculated as means of sire and dam estimates of (co)variance components. When comparing variances at different ages, the animal numbers were very small (see above), and a model excluding the dam-effect was used. In this case, separate analyses were made for each of the selection lines.
RESULTS

Significant differences in egg numbers
were found between all three selection lines during the 1st production yr ( Table  2 ). The EN line had the highest number and the EM line the lowest. The differences were less pronounced during the 2nd yr. The three lines produced similar amounts of egg mass during the 1st yr. During the 2nd yr, the EM line produced more egg mass than did the other two lines. Significant (P < .001) differences in egg weight were found between all three lines. The EN line had the smallest eggs and the EM line the largest. '-^Values in a row with no common superscripts differ significantly (P £ .05) between the selection lines. >EN = egg number; EM = egg mass; EMFC = egg mass and feed consumption.
Line means for intrasequence oviposition interval (oviposition interval) in each period are plotted in Figure 1 . There was a significant (P £ .001) increase with age in each line, i.e., .15, .16, and .26 min/day for the EN, EM, and EMFC lines, respectively. Corresponding changes in oviposition time and concentration around oviposition time were not as pronounced. A significant (P < .001) increase of .07 min/day was found in mean oviposition time in the EMFC line and a significant (P < .001) decrease of -.08 units/day was found for concentration around the mean oviposition time in the EN line.
For Periods 14 to 16, sequence length was lower, pause length was higher, and mean oviposition interval between all eggs was greater (P < .001) when compared with Periods 3 to 5 (Table 3 ). The interaction effect between hen and age was significant (P < .001). The oviposition pattern of a high-producing hen is plotted early and late in life in Figure 2 . Her oviposition pattern changed as age increased.
Genetic (r g ) and phenotypic (r p ) correlations between early (Period 3) and late (Period 16) oviposition interval were estimated to be .90 (r g ) and .29 (r p ) (n = 258). Genetic correlations between early oviposition interval (Period 3) and total (Periods 1 to 17) egg number, egg weight, and egg mass were estimated to be (-.30, .39, and -.13, respectively. Corresponding phenotypic values were -.08, .17, and -.04, respectively (n = 471).
Both genetic and phenotypic correlations were positive between early (Periods 1 to 5) and late (Periods 11 to 17) egg number, egg weight, and egg mass. Genetic values were higher than phenotypic values (Table 4) .
Phenotypic variation and the sire component of variation for each period and selection line are illustrated in Figures 3,4 , and 5 for oviposition interval, egg weight, and egg number, respectively. There was an increase in phenotypic variance for all 
DISCUSSION
The Rhode Island Red hens (EMFC line) had lower laying persistence than the White Leghorn lines. The EMFC line also matured at a later age (Lillpers, 1991) . This combination resulted in poor total performance. The significant difference in egg number found between the two White Leghorn lines during Periods 1 to 10 disappeared during Periods 11 to 17. It seems that selection for egg number in the EN line has resulted in reduced laying duration in addition to low egg weight. The significant interaction effects between hen and age stage for the traits in Table 3 reflect individual differences in the capacity to cope with the increasing stress of advancing age.
This type of study would seem suitable for detecting age-related changes in genetic and environmental variation. However, due to the limited number of hens, the results presented in Figures 3, 4 , and 5 should be interpreted with caution. It is interesting to note that phenotypic variation not only increased along with the means for oviposition interval and egg weight, but also increased for egg number, the mean of which decreased with age. Increases in the coefficients of variation were found for egg number and oviposition interval but not for egg weight, probably reflecting a scale effect. Furthermore, the phenotypic variance for egg number seemed to decrease temporarily after the period of rest provided by the forced molt. Figure 2 illustrates that changes in oviposition pattern may occur at later production stages. Initially, pause days in this individual hen were rare. As her age increased, the oviposition pattern changed towards laying in sequences.
Oviposition pattern traits are not continuously distributed, but can only take certain values. The regression coefficients estimated for their changes with age are only valid within a limited range of values. Sequence length is not suitable for statistical analysis because its mean length quickly decreases if a false pause day occurs. This effect is especially pronounced in high-performing hens with extended sequences. In this case, also, the statistical problems inherent with very few observations behind an individual mean value are apparent. Sequence length was chosen for study because it differed markedly between early and late age. It was obvious that sequence lengths decreased with age, even though the estimated values were too low due to random false pause days. Mean intrasequence oviposition interval (oviposition interval) is not affected by recording errors to the same extent as sequence length is. Oviposition interval has been successfully used as a selection trait by Sheldon et al. (1984) in an environment with continuous light.
It can be advantageous to include oviposition interval in selection even in an environment with normal light (Yoo et al., 1988) . Heritabilities are usually higher than for egg number, and correlations are favorable. However, this investigation indicates that the genetic correlation between early oviposition interval and late egg number is much lower than between early oviposition interval and early egg number.
As a hen ages, it becomes increasingly more susceptible to environmental stress factors. It is also more difficult for the hen to mobilize the energy and nutrients needed for follicular growth and egg formation. Some hens are genetically more capable than others of maintaining a high late-production capacity in the face of environmental stress. Although the consequences of functional deterioration are reflected in egg counts and weights, oviposition pattern analysis still gives a clearer picture of the situation.
Three types of changes were found to contribute to the decrease in egg production with age. Although all three can occur in the same hen, their relative importance differs between birds. First, the oviposition interval increases in length. Follicular maturation and egg formation both slow down with age. As a result the hen quickly gets out of phase with the lightdark cycle, and the sequences become shorter. As a further consequence, the total number of pause days increases. Second, the pause between sequences increases and eventually exceed the usual 1 day. This occurs because follicles mature so slowly that more than one ovulationinducing phase of the circadian rhythm is missed. Third, the number of eggs missing within sequences increases gradually due to disturbances at ovulation, internal ovulation, or other deficiencies in egg formation. Although these gaps can also occur in association with a normal pause, in such cases they are not due to an increase in pause length.
Results from this study indicate that production decreases with age for several reasons. The increase in the number of empty days contributes most to the decrease in egg number. However, a lengthening of the oviposition interval results in shorter sequences, thereby causing an indirect increase in the number of pause days, because they occur more often when the sequences are short than when they are long.
